Septic arthritis in infants is rare and can be difficult to diagnose. This study reviewed a series of patients younger than 3 months to identify factors that may assist in early diagnosis and treatment. A query of records at a large Midwestern pediatric hospital (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010) was performed to identify all patients younger than 3 months at the time of diagnosis. Analysis included birth history, joint involvement, physical examination findings, laboratory results, imaging results, method of treatment, and outcome. In 14 cases (11 boys, 3 girls; mean age at diagnosis, 42.2 days), complete records were available for review. Involved joints included the knee, hip, and shoulder. The most common findings on physical examination were decreased range of motion (100%), tenderness (100%), and swelling (71.4%). Mean temperature was 38.5°C. Mean white blood cell count was 18.5 K/µL, mean erythrocyte sedimentation rate was 48.9 mm/h, and mean C-reactive protein level was 6.1 mg/dL. More than half (57.1%) of joint aspirates grew positive cultures, and 41.7% of blood cultures had positive results. Causative organisms were group B streptococcus, methicillinsensitive Staphylococcus aureus, Haemophilus influenzae, Streptococcus pneumoniae, Salmonella enterica, and Candida albicans. The most common physical examination findings in infants younger than 3 months with septic arthritis include tenderness, decreased range of motion, and swelling. White blood cell count, Creactive protein level, and erythrocyte sedimentation rate are likely to be elevated, but these findings should be used in combination with findings on physical examination and radiographic studies to aid in diagnosis. [Orthopedics. 2015; 38(9):e787-e793.] The authors are
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Risk factors in this age group include umbilical catheterization, breech presentation, prematurity, bacteremia, sepsis, perinatal asphyxia, total parenteral nutrition, femoral venipuncture, and trauma during the birth process. [1] [2] [3] [4] [5] [6] [7] [8] [9] Early diagnosis and treatment are necessary to reduce the likelihood of potentially devastating sequelae, including pathologic joint instability, avascular necrosis, epiphyseal separation, premature physeal closure, growth disturbance leading to limb length inequality, and premature arthritis from joint destruction. [2] [3] [4] [10] [11] [12] [13] [14] Prompt diagnosis and treatment can improve outcomes. 4, 5, [15] [16] [17] Nonetheless, early diagnosis can be difficult because physical examination findings can be subtle, particularly for deeper joints, such as the hip. 1, [18] [19] [20] Infants also may not mount an appropriate immune response and thus may be afebrile and have normal laboratory values, including white blood cell count, erythrocyte sedimentation rate, and C-reactive protein level. 1, 10, 14, 15, 19, 20 Because the clinical signs and symptoms are rarely evident, diagnosis is often delayed, increasing the risk of a poor outcome.
A retrospective review was performed to identify factors that may assist in the early diagnosis of septic arthritis in infants younger than 3 months.
Materials and Methods
A query of hospital records at Nationwide Children's Hospital, Columbus, Ohio, from 1994 through 2010 was performed to identify all patients younger than 3 months at the time of diagnosis of septic arthritis. For the purposes of this study, a diagnosis of septic arthritis was defined as one of the following: positive Gram stain or culture from joint aspirate, purulent joint aspiration drawn from a joint adjacent to a site with known osteomyelitis, focal joint involvement in the setting of bacteremia, or return of symptoms after a previous diagnosis of septic arthritis with incomplete treatment. Medical records were reviewed retrospectively to analyze birth history, joint involvement, physical examination findings, laboratory results, imaging results, method of treatment, and outcome.
results
The query identified 14 children who met the criteria and had complete hospital records for review ( Table 1) . A total of 11 boys and 3 girls were identified, with a mean age of 42.2 days at the time of diagnosis of septic arthritis. Nine were fullterm infants, 4 were premature (range, 32-36 weeks), and 1 had no birth history recorded. Of the 14 children, 9 were born via normal spontaneous vaginal delivery, 2 were born via cesarean delivery, and in 3 cases the type of delivery was not recorded. Joints involved included the knee (9 cases), hip (3 cases), and shoulder (3 cases). One child had multiple joints involved simultaneously (both knees). The infected joints were on the left side in 8 patients, on the right side in 5 patients, and bilateral in 1 patient.
Physical examination findings are shown in Table 2 . They included decreased range of motion (100%), tenderness (100%), swelling (71.4%), and erythema (35.7%). Additional physical examination findings showed warmth of the affected joint (21.4%), joint effusion (7%), and gross instability in 1 child with septic arthritis of the hip (7.1%). Mean temperature was 38.5°C (range, 37.6°C-39.3°C). Mean white blood cell count was 18.5 K/μL (range, 10.7-35.6 K/μL), with a mean of 34.8% neutrophils and 11.1% bands. Mean erythrocyte sedimentation rate was 48.9 mm/h (range, 21-118 mm/h), and mean C-reactive protein level was 6.1 mg/dL (range, 0.6-14.6 mg/dL).
More than half (57.1%) of joint aspirates grew positive cultures, and 41.7% of blood cultures were positive. Of the joint cultures that did not grow an organism, 66.7% of children had received an antibiotic before aspiration. In 85.7% of children, either the joint aspirate culture or the blood culture was positive. Neither the joint aspirate nor the blood culture grew an organism in 2 of 14 patients (14%). One of these children was previously treated at an outside facility, where blood culture findings were positive. Although this child was given antibiotics during hospitalization at the outside facility, the family did not fill the antibiotic prescription on discharge.
Only Review of the imaging used during diagnostic workup showed 5 normal radiographs, with 7 radiographs showing bony changes, including periosteal reactions (4 cases), 1 humeral head erosion, 1 hip subluxation, and 1 hip dislocation. Only 2 ultrasounds of the 7 that were performed (28.6%) were normal. Five children underwent magnetic resonance imaging (MRI), and all showed effusion of the involved joint and/or adjacent osteomyelitis. When the imaging modalities were combined, 28.6% of patients had osteomyelitis adjacent to the involved joint.
The initial method of treatment included surgical irrigation and debridement (5 cases) with antibiotic therapy, serial aspiration (7 cases) with antibiotic therapy, and parenteral antibiotics alone (2 cases). In 71.4% of cases, the initial method of treatment was definitive. Because of inadequate response, 20% of the initial irrigation and debridement procedures were repeated. Of patients who were treated initially with as-piration, 42.9% required surgical treatment because 2 children did not improve after each had undergone 2 aspirations. One patient was treated initially with parenteral antibiotics. This treatment was unsuccessful, and the patient subsequently underwent surgical debridement. No child was too unstable to proceed with formal surgical irrigation and debridement. In summary, definitive treatment included one-time irrigation and debridement in 7 patients, multiple courses of surgical irrigation and debridement in 2 patients, serial aspirations in 4 patients, and parenteral antibiotics in 1 patient.
Follow-up was variable. Five children did not return for a repeat assessment despite repeated reminders. The remaining 9 patients had variable follow-up, with a mean of 4.25 years (range, 2 weeks-11 years). Clinical assessment showed a wide spectrum of potential sequelae, including no residual effects; decreased range of motion; limb length discrepancy; residual deformity, including coxa vara or coxa magna; distal femur physeal bar; humeral head deformity secondary to avascular necrosis; and chronic pain.
discussion
This study showed the rarity of septic arthritis in infants younger than 3 months. Only 14 patients with septic arthritis were identified within a large children's hospital over a period of 17 years. Mean age of the infants was 42.2 days at the time of diagnosis, and the most commonly involved joints were the knee, hip, and shoulder. Involvement of multiple joints has been reported, but was seen in only 1 child in this study.
Although some studies questioned the reliability of physical examination findings in infants, other authors reported irritability, anorexia, tenderness, limited range of motion, localized swelling, and/ or a difference in resting position of the affected extremity. 10, 15, 19, 20 All children in this study showed tenderness and decreased range of motion of the involved joints. Most children also had swelling over the involved joints. This was most commonly seen in affected knees and was less commonly seen in joints with a greater degree of soft tissue coverage, such as the hip and shoulder. Additional but less consistently observed findings were erythema, warmth, and instability of the joint.
Children in this age group may be unable to mount a fever or an appropriate immune response to infection. 15, 21 However, 10 children had a temperature greater than 38.0°C (mean temperature, 38.5°C). This finding should be evaluated with caution, however, because temperatures in newborns are generally higher. Their complex thermoregulatory physiologic response is different than that in older children or adults. 22 The upper limit of normal can be as high as 38°C immediately after delivery and decreases over the first years of life. The greatest decrease occurs during the first few months of life. 
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Copyright © SLACK inCorporAted n Feature Article n Feature Article A clinical prediction algorithm was developed to distinguish septic arthritis from transient synovitis in older children (mean age, 5-6 years) with 4 independent predictors, including fever, elevated erythrocyte sedimentation rate, refusal to bear weight, and increased serum white blood cell count. 23 If all 4 predictors are present, the probability of septic arthritis is 99.6%. A good negative predictor in children 1 to 12 years old would be an erythrocyte sedimentation rate of less than 25 mm/h or a C-reactive protein level of less than 1.0 mg/dL. These findings indicate an 85% or 87% probability, respectively, that the patient does not have septic arthritis. 24 These predictive algorithms, however, cannot be readily applied to the infant because the clinical presentation is different and inflammatory markers can be unreliable. Nonetheless, the current study used these criteria to examine whether the infants mounted an immune response, indicating that the prediction algorithm may be useful in this age group. In the current study, 53.8% of children had a temperature of greater than 38.5°C, 92.9% had a white blood cell count that was greater than 12 K/μL, and 53.8% had an erythrocyte sedimentation rate of greater than 40 mm/h. The authors also compared these values with the values described by Eich et al 25 and found that 77.8% of children had a Creactive protein level of greater than 2.0 mg/dL. The C-reactive protein level was previously reported as a strong negative predictor for septic arthritis in children. If the value is less than 1.0 mg/dL, there is an 87% probability that the patient does not have septic arthritis. 24 The sensitivity of joint aspirate cultures and the sensitivity of blood cultures were similar to reported rates, at 57.1% and 41.7%, respectively. [26] [27] [28] [29] [30] [31] [32] Historically, the incidence of positive synovial fluid culture findings in children diagnosed with septic arthritis ranged from 30% to 90%. 26, 28, [31] [32] [33] [34] In this study, in 85.7% of children, either joint aspirate culture or blood culture revealed an organism, and this rate was higher than that usually reported. Some investigators found that as many as 70% of synovial fluid aspirate culture findings were negative in children 1 month to 16 years old who had clinical findings of septic arthritis. 35 Others reported that culture findings were negative in most patients (age range, 1-15 years) with septic hips. 36 Perhaps the rate in this study was higher because of its retrospective design and its inclusion criteria. Nonetheless, it is important to obtain both joint aspirate culture and blood culture to assist in determining the infectious organism.
This study illustrates the difficulty in obtaining cell counts from aspirates in these children. Because infants younger than 3 months are so small, a limited amount of fluid can develop in the joint capsules. Only 5 of the children had a large enough effusion to allow for cell count evaluation. The polymorphonuclear cell percentage was greater than 75% in all cases (range, 79%-90%). The causative organisms in this study were consistent with those previously reported, including group B streptococcus, methicillin-sensitive Staphylococcus aureus, Haemophilus influenzae, and Streptococcus pneumoniae.
Various imaging modalities can aid in the diagnosis of septic arthritis, and this study found several positive radiographic features indicating infection (Figures  1-2) . Plain radiographs were obtained for 12 children, and 7 showed obvious changes, including periosteal reaction, humeral head erosion, and hip subluxation and dislocation. Five children underwent MRI, and all results showed effusion of the involved joint and/or adjacent osteomyelitis. Only 2 bone scans were obtained, and both results were positive. Ultrasound examination is particularly useful because it not only confirms or excludes effusion in children but also can identify periosteal elevation, cortical erosion, or a subperiosteal collection. 17 The reported sensitivity and specificity of ultrasonography for the diagnosis of pediatric septic hip arthritis are 86.4% and 89.7%, respectively. 17 In the current study, 7 children underwent ultrasound and 5 results showed an effusion. With all imaging modalities combined, only 3 patients showed no radiographic evidence of septic arthritis, 
e791
Copyright © SLACK inCorporAted n Feature Article indicating that this is a fairly robust diagnostic medium, with 78.6% of studies helping to confirm the diagnosis.
Treatment options for septic arthritis in infants younger than 3 months include parenteral antibiotics with either serial aspirations or surgical incision and drainage. 36 Initial treatment may depend on the stability of the child. In this study, there were no cases in which the initial treatment option appeared to have been dictated by either comorbidities or hemodynamic instability. Two children were initially treated with observation while receiving antibiotics after initial joint aspiration. One of these children did not show improvement and subsequently underwent formal irrigation and drainage. The other child who was treated with observation had been diagnosed at another facility 1 week earlier and had not continued the recommended antibiotics on discharge. The child presented to the authors' facility the next week with a relapse, was treated solely with parenteral antibiotics, and showed improvement. Givon et al 36 reported that the use of serial aspirations (mean, 3.6 aspirations) is safe and efficacious, preventing scarring and the need for general anesthesia, and that this treatment results in faster return to normal activity. The authors recommend reserving serial aspirations for the treatment of more superficial joints, to allow for more accurate clinical monitoring of reaccumulation of effusion, or for use in children who are not stable enough to undergo formal irrigation and debridement. If serial aspiration does not produce improvement, then formal surgical debridement should be performed.
Limitations
The current study had several limitations, most notably its retrospective design. Because the study was retrospective, selection and information bias may have occurred. Some patients had incomplete data, including birth history, and time from presentation to diagnosis could not be determined. The study was also limited by the number of patients. Only 14 patients among thousands of inpatient visits met the inclusion criteria. Nonetheless, this is a large cohort of an uncommonly observed entity in developed nations. Five patients had no follow-up. However, patients who did have follow-up averaged more than 4 years. Even follow-up of 4 to 6 years, however, is insufficient to detect long-term sequelae, such as chronic pain, growth disturbances, and subluxation. Detection bias was present because different clinical and radiographic evaluation instruments (plain radiographs, ultrasound, MRI scan, bone scan), and treatment modalities (antibiotics alone, serial aspirations, irrigation and debridement) were used.
conclusion
The most common physical examination findings in patients younger than 3 months with septic arthritis include tenderness, decreased range of motion, and swelling. These patients are likely to have elevated temperature (>38.5°C) as well as elevated white blood cell count (>12,000 K/μL), C-reactive protein level (>2.0 mg/dL), and erythrocyte sedimentation rate (>20 mm/h). Further, radiographic evaluation (plain radiographs, ultrasound, MRI, or a combination of these modalities) provides excellent additional information to help confirm the diagnosis.
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